Global fish production continues to outpace world population growth, and aquaculture remains one of the fastest-growing food producing sectors. In 2012, global aquaculture production was 90.4 million tonnes. Although, in terms of production tonnage, abalone contributes a relatively small proportion of this aquaculture production, it is one of the most highly prized seafood delicacies and, therefore, in terms of the value of production, is very important to many countries. The total volume of worldwide abalone fisheries has declined since the 1970's, but farm production has increased significantly over the past few years. A huge increase in farm production has occurred, beginning in the 1970s, when farm production was almost negligible, to recent years when increases have been huge. In the 8 years immediately preceding 2010, for example, farm production increased by more than 750% and by 2013, farm production had reached an estimated 103,464 mt. The overall effects of these huge increases on the world market are discussed.
Introduction
According to FAO statistics [1] global fish production continues to outpace world population growth, and aquaculture remains one of the fastest-growing food producing sectors. In 2012, aquaculture set another all-time production high and now provides almost half of all fish for human food. This share is projected to rise to 62 percent by 2030. In 2012, global aquaculture production was 90.4 million tonnes (live weight equivalent) worth an estimated US $144.4 billion, and this included 66.6 million tonnes of food fish and 23.8 million tonnes of aquatic algae. China alone produced 43.5 million tonnes of food fish and 13.5 million tonnes of aquatic algae that year. Production for 2013 was estimated at 70.5 million and 26.1 million tonnes, respectively [1] .
Although, in terms of production tonnage, abalone contributes a relatively small proportion of this aquacul-ture production, it is one of the most highly prized seafood delicacies in many parts of the world, particularly in Asia and, therefore, in terms of the value of production, is very important to many countries. Whilst the total volume of worldwide abalone fisheries has declined since the 1970's, farm production has increased significantly over the past few years. In order to understand the reasons for this, it is necessary to compare current trends in supply and demand with those of the "heyday" of world abalone fisheries, back in the 1970's [2] . In those days, there was little regulation of abalone fisheries, the illegal catch was insignificant, and total worldwide farm production totaled just a few metric tonnes. For the purposes of this article, the following definitions will be used [3] .
• Abalone Fisheries: The total (legal) allowable annual commercial catch. This category includes the planting of seeds in large areas of the sea wherein the sea bottom has not been prepared with man placed rocks or structures. This definition does not include the legal sport catch or any illegal catch worldwide.
• Cultured Abalone: Includes both the farming of abalone on land or in the sea, contained in man-made tanks, nets or structures (Intensive Culture), and the sea-planting of abalone seeds in artificially arranged substrate or structures, with or without added food (Extensive Culture).
• Illegal Catch: Any harvest of abalone beyond the total allowable annual fishing quotas.
The figures used in this paper have been quoted, where possible, from published FAO statistics [1] [4] [5] , and other published literature [2] [6]- [11] . In some cases, where the most recent information is not available from the FAO statistics, figures are estimated from personal communications. In all cases, figures are adjusted to represent "in shell" weight.
World Abalone Supply
Legal landings from abalone fisheries ( Table 1) have gradually decreased from almost 20,000 metric tonnes (mt) in the 1970's to less than 8000 mt in 2013 [10] . During this time, two of the world's major abalone fisheries (USA and South Africa) were de-commercialized [6] [12] [13], and whilst much of the USA fishery still remains closed [8] , the South African fishery has recently been re-opened to a small (150 mt), experimental quota. Explanations for the decline include over-exploitation, illegal harvesting, disease and habitat degradation. The abalone fishery in Australia also declined over the past few years but, in this case, the decline was due to the outbreak of a serious abalone disease in both farmed and wild stocks [9] .
At the same time as landings from legal fisheries were declining, farm production was rapidly increasing in several countries. Table 1 shows a huge increase in farm production, beginning in the 1970s, when farm production was almost negligible, to recent years when increases have been huge [10] . In the 8 years immediately preceding 2010, for example, farm production increased by more than 750% culminating, in 2010, in an estimated worldwide output of 65,344 mt. Between 2010 and 2013, farm production increased by another 158%, to reach an estimated 103,464 mt [14] [15] .
The other major factor that has affected the world abalone market, over the past decade or so, has been a huge increase in illegal catches. It has been suggested [10] that in 2008, the worldwide illegal catch totaled about 5 300 mt, this representing over 65% of the total legal catch from fisheries (7869 mt). In the years since 2008, there is some evidence that increased efforts to reduce poaching in countries such as South Africa and Australia, has resulted in slightly less illegal product reaching the market [10] . Most of the illegal abalone catch is sold into Asia, and illegal channels through Hong Kong are common. There is no doubt that the availability of about 5000 mt of illegal catch has had, and continues to have, a seriously destabilizing effect on the world market. From the above figures, it can be estimated that the total supply of abalone to the world market, from all sources, (fisheries, cultured and illegal catch) was 20,370 mt in 1970, 22,667 mt in 2002, 44,510 mt in 2008, 73,206 mt in 2010, and 115,692 mt in 2013. Thus, in 2013, the total supply was more than three times that available in what has been considered the "heyday" of world abalone supply during the 1970's. This impressive return to substantial supplies, in which the illegal catch plays no small role is, of course, due mainly to the huge increase in farmed abalone from China where estimated farm production for 2013 to 2014 was 90,694 mt [14] . A significant increase in farm production has also occurred in Korea [11] [15] and in Chile [16] . Although, as indicated in information published by the FAO, there are many constraints to the further development of abalone aquaculture such as feed availability [17] , there is reason to believe that farm production will continue to increase, particularly after the current downturn in world economies has turned around [5] [18] . Table 2 lists farm production of abalone in 2010, 2013-2104 and estimates 2015 production.
In China there were over 300 operating abalone farms in 2013, with the largest individual farm producing: over 1000 mt per year [14] . Some of the newer Chinese farms are amongst the most efficient in the world. In 2004, about 60% of abalone farms in China were land-based, but by 2010 this had changed significantly with more than 95% of all farms being sea-based. In the sea-based farms, abalone are housed in various types of rearing cages, suspended form long-lines. The abalone are generally fed a mixture of seaweeds, with some farms now favouring artificial feeds as the preferred diet. A major disadvantage of sea-based farms is that they are subject to bio-fouling that requires regular cleaning of cages. Even taking this into account, however, abalone in sea cages can be grown to market size at much lower costs than in the land-based farms.
The bulk of Chinese abalone production is in the southern Provinces of Fujian and Guangdong. Much of the seed production is near Dalian in the Northern Province of Liaoning. The large increase in Chinese farm production has been accompanied by a change in the predominant species available on the world market. Back in 2004, Fujian Province accounted for over 60% of all abalone produced and sold in China, and a significant proportion of the Fujian total was the lower value species, H. diversicolorsupertexta, which generally sold for less than US $20/Kg. By 2010 this situation had changed so that almost 95% of production was of the higher value species, either H. discushanni or a hybrid between H. discushanni and H. discus discus. This change was probably brought about because H. discushanni is the preferred species in Japan, and China is now exporting part of its production to Japan. Prices paid for Chinese abalone vary according to the species produced, with the Japanese abalone, H. discushanni, being the most valuable. Size also influences value with larger sizes commanding higher prices- [14] . Although it was expected that Chinese farm production would continue to increase, current information suggests that this is not occurring. Outbreaks of disease have slowed the rate at which production increases have occurred [19] , and price drops during the Global Financial Crisis, have further depressed confidence in abalone farming. For example, plans by a major Chinese production group to raise up to RMB 1.3 billion (USD 209 million, EUR 154 million) in a private placement of abalone farm shares are being made more challenging by a heavy debt burden worrying potential investors. One of China's best-known seafood players, and a key shellfish producer, is dangerously over-leveraged, according to Chinese financial analysts.
Because of low prices and high mortality, more and more farmers have no confidence to culture abalone [14] . The number of abalone seed produced in 2013 was only about half of that in 2012 and, therefore, grow-out production in 2015 will reduce to about half of the 2013 production. The extent to which this will affect the world market is, as yet, unknown.
Korea is now a major supplier of abalone to the world market. Farm production, which is estimated to have increased by over 60 times over the past 10 years, totaled about 4500 mt in 2007, 6288 mt in 2010, and is estimated to reach over 10,000 mt by 2015 [15] . The majority of Korean production is in remote Wando County in South Jeolla Province, and about 85% of that production is exported to Japan. This production has had an important influence on the world market, particularly because the majority of the production is H. discushannai, the species that is most popular, and commands the highest price, in the Japanese market. Most individual Korean farms are, however, still relatively small scale producers. Distribution processes are now being developed on a national scale and production control, has been implemented to halt the decline in prices that was experienced as a result of the speed that the industry developed. Future developments in the Korean industry are likely to include a more coordinated production and marketing system.
In comparison to Asia, abalone farming in Europe is a very small, but growing, industry. Farms are located in the UK, the Channel Islands, Ireland, France and Spain [20] . In the UK, a small number of farms are located on the south coast of England, but these are mainly at the experimental level and production is currently insignificant. In Ireland farms are also mainly experimental, producing mostly H. discushanni, but it seems unlikely that production will exceed about 3 mt in the near future, whilst in the Channel Islands there are two farming companies, currently producing less than one metric tonne. French farms are located in Brittany and Vendee, and these have the advantage of being located in regions where small, natural populations of abalone occur and have been fished for some years. Farm production from the French farms is likely to increase significantly over the next few years. The abalone farms that are developing in Spain plan to be producing about 30 mt per year in about three years time.
Significant quantities of farmed abalone are produced in Chile, Japan, South Africa, Australia, Taiwan, New Zealand, Mexico, Thailand and the Philippines and, in all of those cases, it seems likely that production will increase in the future [2] [6]- [10] . In the USA, although about 250 mt of abalone are produced each year, it seems likely that any future development of the industry along the Californian coast will be limited by land values and the costs of complying with environmental regulations [8] [12].
World Abalone Market Trends
The rest of the abalone-producing world has often seen China as a huge marketing opportunity that would, hopefully, increase demand and, therefore, prices. As China began to increase its own abalone production, however, the less optimistic marketers feared that over-production in China may, on the contrary, swamp world markets and depress prices. Experience to date has suggested that neither of these alternatives has really come about. This is because, although abalone consumption in China has definitely increased, to a large extent farm production within China has been increased to cope with this increased demand [21] . The overall influence of China on the world abalone market, and world abalone prices outside of China has, therefore, been less than some may have expected. Other factors have, however, produced instability in the world abalone market and have led to significant price fluctuations.
Between about 2008 and 2010 a combination of factors combined to depress world abalone prices. Some developed countries, e.g. the United States of America, have reduced their aquaculture output in recent years, mainly owing to competition from countries with lower production costs [1] . With respect to the world abalone market, in addition to increased world farm production, another important factor has been a greater availability of illegal product, that has increased world abalone supply to unprecedented levels. At the same time, the global financial crisis depressed demand for high-priced fisheries products, including abalone and, overall, during this period, prices were significantly reduced, sometimes by as much as 30% [2] . Abalone has been particularly hard hit because the vast majority of abalone is sold into a very few Asian nations, mainly in traditional forms with no value-adding. Lack of product and customer diversification meant that farms were unable to move into alternative markets at times of market crisis, and several farms ceased operation during that time. Fortunately, the most recent information suggests that the worst is now over and world abalone prices are beginning to move in a positive direction.
Conclusions
The trends reported in this paper could have important implications for the future of the world abalone market. Total abalone production, around the world, seems unlikely to increase in the near future. Fisheries are almost all completely exploited, or even over-fished, and although some countries, such as Canada, are attempting to rebuild stocks, it seems unlikely that fisheries and ever be restored to former levels [22] . In addition, farming is unlikely to increase significantly in the current world financial situation. Demand for abalone in China, the world's biggest consumer of the product, has significantly decreased over the past couple of years and this has resulted in a general fall in prices. Similarly, in Japan, the recent downturn in the national economy has resulted in a decreased demand for luxury foods. Combined with austerity measures introduced recently in China, the overall global demand for abalone has dipped for the first time in many years. Until the economies of China and Japan begin to improve, it seems unlikely that worldwide demand for abalone will increase. It is, of course, notoriously difficult to predict trends in Asian economies, but there is no doubt that such trends will significantly affect demand and prices of abalone, throughout the world.
Although statistics published by the FAO suggest that the rate of increase of global aquaculture production slowed during the global financial crisis, there is reason to believe that the situation will revert to normal as the impact of the GFC lessens [5] . It is interesting to note the different effects that the GFC has had on abalone production in different parts of the world. Generally, the counties that have been most negatively affected are those that have high production costs, particularly labour costs. Countries such as the USA, Australia, New Zealand and those in Europe, have found it difficult to increase, or even maintain, production levels. Countries such as China, Korea and South Africa, that have relatively lower production costs, have also been negatively affected by the GFC, but may be able to recover more quickly once the GFC begins to abate. To be successful in the future, abalone farms will need to reduce production costs and improve profitability by, for example, implementing improved systems that use less water, less labour and more efficient feeding. Co-operation, co-ops, and joint marketing efforts could be used to reduce marketing costs. Additionally, farms could explore both product and customer diversification. Farms might also consider some type of international certification to set quality standards that may improve market access.
